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T h i s  s t u d y  is  c l a s s i f i e d  a s  M d .  Many d i s c r e p a n c i e s  
were o u t l i n e d  i n  s e c t i o n  1 4  o f  t h i s  r e v i e w .  The m a j o r  - 
c o n c e r n s  are  as f o l l o w s :  

- The s t u d y  a u t h o r  r e p o r t e d  s e l e c t i n g  t h e  h e a l t h i e s t  
f e m a l e  d a p h n i d s  o n  d a y  6  o f  t h e  s t u d y ,  and r e d u c i n g  
t h e  number o f  d a p h n i d s  f rom 50 t o  30 i n  e a c h  t e s t  
chamber .  

- The s t u d y  d e s i g n  o n l y  i n c l u d e d  t w o  t e s t  chamber s  p e r  
t r e a t m e n t  l e v e l ,  i n s t e a d  o f  s e v e n  t e s t  chamber s  ( w i t h  
o n e  d a p h n i d  e a c h )  and t h r e e  t e s t  chamber s  ( w i t h  f i v e  
d a p h n i d s  e a c h ) .  T h e s e  d i s c r e p a n c i e s  c a u s e  c o n c e r n  
f o r  t h e  s c i e n t i f i c  s o u n d n e s s  and t h e r e f o r e  t h e  s t u d y  
is c l a s s i f i e d  a s  " I n v a l i d . "  

EEB recommends t h a t  t h e  s t u d y  b e  c o n d u c t e d  a g a i n ,  
p r e f e r a b l y  u n d e r  f l o w - t h r o u g h  c o n d i t i o n s  and  f o l l o w i n g  t h e  
S t a n d a r d  E v a l u a t i o n  P r o c e d u r e  ( S E P ) ,  Daphnia  magna L i f e  C y c l e  -- 
(21-day  Renewal )  C h r o n i c  T o x i c i t y  T e s t ,  M. Rexrode  and 
T. A r m i t a g e  ( J u l y  1 9 8 6 )  EPA 540/9-86-141. 
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./ ' 9 .  Background I n f o r m a t i o n :  

T h i s  s t u d y  was s u b m i t t e d  t o  s u p p o r t  r e g i s t r a t i o n  o f  a  
new s y n t h e t i c  p y r e t h r o i d ,  K a r a t e  o r  PP321. 

10 .  D i s c u s s i o n  o f  I n d i v i d u a l  T e s t :  N/A 

M a t e r i a l s  and Methods: 

a .  T e s t  Animals  - Daphnia  magna < 24 h o u r s  o l d  were t a k e n  
f rom c u l t u r e s  m a i n t a i n e d  a t  J e a l o t t s  H i l l .  The t e s t  
o r g a n i s m s  w e r e  c u l t u r e d  i n  d e c h l o r i n a t e d  ma ins  w a t e r  and 
m a i n t a i n e d  o n  a  d i e t  o f  y e a s t  and C h l o r e l l a  - v u l g a r i s  a t  
20 - + 1 O C  on a  16-hour  day .  

b. T e s t  Sys tem - T e s t  s o l u t i o n s  w e r e  r e p l a c e d  e v e r y  1 2  
h o u r s .  The s t u d y  a u t h o r  found  t h a t  t h e  f l o w - t h r o u q h  
method had f a i l e d  t o  m a i n t a i n  a  s a t i s f a c t o r y  series o f  
c o n c e n t r a t i o n s  o f  t e s t  m a t e r i a l  f o r  t h e  d u r a t i o n  o f  t h e  
s t u d y .  

D u p l i c a t e  t e s t  v e s s e l s  c o n s i s t e d  o f  3  L g l a s s  b e a k e r s  
c o n t a i n i n g  2  L o f  t e s t  s o l u t i o n .  The v e s s e l s  were 
m a i n t a i n e d  a t  20 + 1 OC i n  a  r e c i r c u l a t i n g  w a t e r  b a t h .  
L i g h t  i n t e n s i t y  was 800 l u x  w i t h  a  16 h r  l i g h t / 8  h r  d a r k  
p h o t o p e r i o d .  

c .  S t u d y  D e s i g n  - ( E x c e r p t e d  f rom s u b m i s s i o n )  

"50 ~ a p h n i a  ( l ess  t h a n  24 h o u r s  o l d )  w e r e  i n t r o d u c e d  t o  1 

e a c h  t es t  chamber a t  t h e  s t a r t  o f  e a c h  t e s t .  On d a y  6 ,  
t h e  number i n  e a c h  chamber was r e d u c e d  t o  30 by s e l e c t i n g  
t h e  h e a l t h i e s t  f e m a l e s  and d i s c a r d i n g  t h e  r e m a i n d e r .  
A d u l t  Daphnia  were t r a n s f e r r e d  t o  f r e s h  t e s t  s o l u t i o n s  
i n  a  c l e a n  b e a k e r  e v e r y  12  h o u r s  u s i n g  a  g l a s s  p i p e t t e .  
A f t e r  t r a n s f e r  o f  t h e  a d u l t s ,  any  young Daphnia  were 
removed by s i e v i n g  t h e  tes t  s o l u t i o n  t h r o u g h  a  f i n e  
n y l o n  mesh and t r a n s f e r r i n g  them t o  t h e  f r e s h  s o l u t i o n .  
Daphnia  w e r e  f e d  t w i c e  d a i l y  t h r o u g h o u t  t h e  s t u d y  on  a  
C h o r e l l a  v u l g a r i s / y e a s t  d i e t ,  e a c h  f e e d  c o n s i s t i n g  o f  4  
m l  o f  a  C h l o r e l l a  s u s p e n s i o n  ( l o 8  c e l l s  ml--1) p l u s  4 m l  
o f  a n  a c t i v e  d r i e d  y e a s t  s u s p e n s i o n  ( 2  mg m l - I ) .  The 
f o o d  was added  t o  e a c h  new t e s t  s o l u t i o n  a f t e r  i t s  
p r e p a r a t i o n .  T e s t  chambers  were g e n t l y  a e r a t e d  t o  a i d  
s u s p e n s i o n  o f  t h e  food .  

"Asses smen t s  were made t h r o u g h o u t  t h e  s t u d y  o f  Daphnia  
s u r v i v a l ,  g r o w t h  and r e p r o d u c t i o n .  S u r v i v a l  o f  t h e  
a d u l t  Daphnia  was r e c o r d e d  e a c h  t i m e  t h e y  w e r e  t r a n s f e r r e d  
t o  f r e s h  s o l u t i o n s .  L e n g t h s  ( t o p  o f  head t o  b a s e  o f  
s p i n e )  o f  a d u l t  Daphnia  were measu red ,  u s i n g  a  g r a t i c u l e  
l e n s  i n  a  s t e r e o m i c r o s c o p e ,  on  d a y  9 ;  by randomly  
s e l e c t i n g  1 0  i n d i v i d u a l s  f o r  o b s e r v a t i o n ,  and t h e n  
c a r e f u l l y  r e t u r n i n g  them t o  t h e  t e s t  chambers .  On d a y  
21 a l l  r e m a i n i n g  f e m a l e s  were measured .  
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" T h r e e  t i m e s  weekly  (Monday, Wednesday and F r i d a y  
m o r n i n g s ) ,  t h e  young Daphnia  were removed from t h e  t e s t  
chambers  by s i e v i n g ,  r e s u s p e n d e d  i n  d e c h l l o r i n a t e d  w a t e r ,  
c o u n t e d  f o r  l i v e  and d e a d  young and t h e n  d i s c a r d e d .  

"On d a y  1 3  o f  t h e  t e s t  t w e n t y  young ( f i r s t  i n s t a r )  
Daphnia ,  w e r e  removed from e a c h  t e s t  chamber and 
m a i n t a i n e d  i n  d e c h l o r i n a t e d  w a t e r .  They were f e d  a l g a e  
and y e a s t  d a i l y .  S u r v i v a l  o f  t h e s e  Daphnia  i n i t i a l l y  
added and t h e i r  young was d e t e r m i n e d  a f t e r  7 ,  10  and 1 3  
d a y s ,  t o  l o o k  f o r  any  e f f e c t s . "  

The DO and pH w e r e  measu red  i n  a l l  t e s t  chambers  t h r e e  
t i m e s  weekly .  On d a y s  0 ,  7 ,  1 4 ,  and 21 ,  t h e  DO and pH 
w e r e  measured  i n  t h e  12-hour  t e s t  s o l u t i o n s  j u s t  p r i o r  
t o  b e i n g  r e p l a c e d .  The t e m p e r a t u r e  o f  t h e  w a t e r  b a t h  
was r e c o r d e d  e v e r y  1 2  h o u r s .  

( E x c e r p t e d  f rom s u b m i s s i o n )  

"Dur ing  t h i s  s t u d y  r e p r e s e n t a t i v e  t e s t  s o l u t i o n s  were 
sampled  f o r  q u a n t i f i c a t i o n  o f  t o t a l  r a d i o a c t i v i t y  and  
a l s o  f o r  c h a r a c t e r i z a t i o n  o f  t h e  r a d i o a c t i v i t y ;  t o  
d e t e r m i n e  w h e t h e r  h y d r o l y s i s  or  i somer i sa t : ion  had 
o c c u r r e d .  I n  a d d i t i o n ,  r e p r e s e n t a t i v e  a c e t o n e  s t o c k  
s o l u t i o n s  ( u s e d  t o  p r e p a r e  t h e  t e s t  c o n c e n t r a t i o n s )  
were a n a l y s e d  by TLC and by HPLC. " 

Measurement o f  C o n c e n t r a t i o n s  

- T o t a l  R a d i o a c t i v i t y  - Water  s a m p l e s  were t a k e n  f o r  LSC 
a t  t h e  end  o f  t h e  12-hour  p e r i o d  o n  d a y s  0 ,  7 ,  1 4 ,  and 
21 o f  t h e  s t u d y  i n  o r d e r  t o  measu re  t h e  1 . 4 ~ - r & s i d u e s .  

- TLC was u sed  t o  r e s o l v e  PP321 and i t s  h y d r o l y s i s  
p r o d u c t .  On d a y s  0 ,  7 ,  1 4 ,  and 21 ,  s a m p l e s  o f  40 and 
20 ng/L were measu red  a t  t h e  b e g i n n i n g  arid t h e  end  
o f  t h e  12-hour  p e r i o d .  

I n  a d d i t i o n ,  a c e t o n e  s t o c k  s o l u t i o n s  were a n a l y z e d  by 
TLC o n  d a y s  0 ,  1 5 ,  and 21. 

High-per formance  l i q u i d  ch roma tog raphy  (HPLC) was u sed  
t o  r e s o l v e  PP321 from t h e  o t h e r  isomers o f  P ~ 5 6 4  and  
t o  q u a n t i f y  t h e  e x t e n t  o f  i s o m e r i s a t i o n .  Water  s a m p l e s  
f rom 40 and 20 n g / ~  were a n a l y z e d  on d a y s  0 ,  7 ,  and 
1 4 .  On d a y  21 ,  o n l y  t h e  20 ng/L sample  was a n a l y z e d  
( t h e  4 0  ng/L r a t e  was n o t  p r e p a r e d  d u e  tcl 100% m o r t a l i t y  
o f  t h e  D a p h n i a ) .  Each s o l u t i o n  was a n a l y z e d  i m m e d i a t e l y  
a f t e r  p r e p a r a t i o n  and a t  t h e  end o f  t h e  12-hour  p e r i o d .  



On days 3 and 7 of the study, a 5 ng/l sample was 
extracted(five samples total) at 0 and 12 hours. On 
days 16 to 21, the 2.5 ng/l sample was extracted at 0 
9, and 12 hours. For the TLC and HPLC, 1 L aliquots 
of each solution were taken and extracted with dichlo- 
romethane and hexane, respectively. 

d. Statistics - The following parameters were subjected to 
ANOVA with paired test chambers as replicates: 

- Total number of young produced; 
- Length of adults on days 9 and 21; and 
- Number of young per female. 

The number of young/female was calculated by dividing 
the total young produced by the number of "female 
reproductive days" for each test chamber. 

The number of female reproductive days was calculated 
from a summation of the number of surviviny females each 
day, from day 6 when reproduction started to the end of 
the study (day 21). The maximum number of female repro- 
ductive days in a test chamber was 450 (30 surviving 
females each day for 15 days). 

12. Reported Results: 

The DO levels were > 7.9 mg/L (86% saturation) at all 
measurement times. The pH ranged from 7.7 to 8.4. The 
temperature of the water bath remained at 20 + 1 OC throughout - 
the test. 

Results-of Analysis of Concentrations - See Table 9 for 
summary of I4C residue analysis. 

Table 8 summarizes the measured concentrations at the 
beginning of the test for all treatment levels,, Table 9 for 
radiochemical concentrations at 0 and 12 hours on days 0, 
7 ,  14, and 20. 

TLC and HPLC - Tables 10 to 13 include the results of 
the TLC and HPLC. 

Biological Results - See Table 5 for statistical analyses. 
Tables 14 to 17 list the full results. 

(Excerpted from submission) 

"There were significantly fewer female reproductive 
days in the 40 and 20 ng 1-I concentration (see Tables 5 
and 14). At 10 ng 1-1 and below there was no significant 
effect on the survival of the adult Daphnia. Ry the end of 
the study, 98% of the Daphnia surviving at day 6 (after 



sorting) had died in the two 40 n 1-I chambers. The 
respective figure in the 20 ng 1-7 chambers was 62%. In 
other test concentrations, deaths were in the range 8-22% 
(10% in the controls). 

"Analysis of the Daphnia lengths on day 9 show that 
only at 40 ng 1-I were the Daphnia significantly smaller 
than the controls (see Table 16). At day 21 (see Tables 5 
and 17), when the 40 ng 1'1 concentration was omitted from 
the analysis (only one Daphnia remaining), there was no 
significant difference in length between the other concen- 
trations and the control. 

"The number of young produced per female per reproductive 
day (see Tables 5, 14, and 15) showed all the test concentra- 
tions, except the 2.5 ng 1-I to be significantly different to 
the control. The other chambers, although significantly 
different to the control, showed no significant differences 
between them. They all produced between 5.00 and 5.35 young 
per female per day, approximately 70% of that in the control. 

"The numbers of young produced from the Daphnia 
transferred to and cultured in dechlorinated z2ter for 13 days 
showed no significant differences in the total numbers of 
young produced or the number of young produced per female per 
day (see Appendix VI, Tables 18 and 19). In one replicate 
of the Daphnia from the 40 ng 1-I concentration, only 6 of 
the original 20 Daphnia survived the 13 days." 

13. Study Author's Conclusion/O~ Measures: 

(Excerpted from submission) 

"The study demonstrates that if Daphnia are kept in 
maintained concentrations of PP321 for 21 days,, the number 
of young produced per female is reduced at concentrations of 
approximately 5 ng 1-I and above. However, the data also 
show that at concentrations of 5-40 ng 1-If if the Daphnia 
survive they reproduce at a rate only slightly below 
(approximately 70%) that of the control. Acute effects 
were only apparent in the 20 and 40 ng 1-I concentrations, 
after 13 and 11 days exposure, respectively. 

"During the conduct of this study, the Quality Assurance 
Unit carried out the following audits in accordance with 
ICI Policy of Good Laboratory Practice (Study No. PP321/CN/02)." 

14. Reviewer's   is cuss ion and Interpretation of the Results: - 
There were major discrepancies that detracted from the 

study. They are as follows: 

a. Test Procedures 



- The raw d a t a  were n o t  s u b m i t t e d .  

- The s t u d y  d i d  n o t  i n d i c a t e  i f  t h e  d a p h n i d s  were 
o b t a i n e d  from a  s t o c k  ( a t  l e a s t  10-12 d a y s  o l d )  
t h a t  was a  s e p a r a t e  c u l t u r e  t h a t  was m a i n t a i n e d  
f o r  2 1  d a y s  p r i o r  t o  t e s t  i n i t i a t i o n .  

- The s t u d y  a u t h o r  r e p o r t e d  t h a t  d e c h l o r i n a t e d  
m a i n s  w a t e r  was u sed  f o r  t h e  d i l u t i o n  w a t e r .  
D e c h l o r i n a t e d  w a t e r  s h o u l d  n o t  b e  u s e d  b e c a u s e  
removal  o f  c h l o r i n e  is r a r e l y  c o m p l e t e  and 
r e s i d u a l  c h l o r i n e  c a n  be  q u i t e  t o x i c  t o  a q u a t i c  
o r g a n i s m s .  

- T e s t  t a n k s  were a e r a t e d .  The SEP g u i d e l i n e  
c l e a r l y  s t a t e s  t h a t  t h e  t e s t  chambers  s h o u l d  n o t  
be  a e r a t e d .  

- S t u d y  d e s i g n  o n l y  i n c l u d e d  two t e s t  v e s s e l s  p e r  
t r e a t m e n t  l e v e l .  The s t u d y  s h o u l d  have  u sed  
( a )  s e v e n  b e a k e r s  a t  e a c h  c o n c e n t r a t i o n  w i t h  one  
d a p h n i d  p e r  b e a k e r  f o r  c o l l e c t i o n  o f  d a t a  on 
s u r v i v a l ,  g r o w t h ,  and r e p r o d u c t i o n ;  and ( b )  t h r e e  
b e a k e r s  a t  e a c h  c o n c e n t r a t i o n  w i t h  f:ive d a p h n i d s  
i n  e a c h  f o r  c o l l e c t i o n  o f  d a t a  on  s u r v i v a l  o n l y .  
Ass ignmen t s  o f  d a p h n i d s  s h o u l d  be  randomized .  
The t e s t  b e g i n s  when t e s t  o r g a n i s m s  a r e  f i r s t  
p l a c e d  i n  t h e  tes t  s o l u t i o n .  

- I n  a d d i t i o n ,  b o t h  t h e  s o l v e n t  c o n t r o l  and t h e  
c o n t r o l  s h o u l d  b e  r e p l i c a t e d  t h e  same a s  t h e  
t r e a t m e n t  l e v e l s .  T h i s  s t u d y  d i d  n o t  r e p o r t  i f  
r e p l i c a t e s  were used  f o r  t h e  c o n t r o l s .  

- The s t u d y  a u t h o r  r e p o r t e d  t h a t  on daly 6 ,  t h e  
number i n  e a c h  chamber was r e d u c e d  t o  30 ( f r o m  
5 0 )  by s e l e c t i n g  t h e  h e a l t h i e s t  f e m a l e s  and 
d i s c a r d i n g  t h e  r e m a i n d e r .  S e l e c t i n g  t h e  h e a l t h i e s t  
t e s t  o r g a n i s m s  makes t h e  s t u d y  r e s u l t s  b i a s e d ;  
t h e r e f o r e ,  t h e  p r a c t i c e  i s  c o n s i d e r e d  t o  be  
s c i e n t i f i c a l l y  unsound.  

- ~t a p p e a r s  t h a t  t h e  d a t a  f o r  t h e  number o f  young 
p r o d u c e d ,  f e m a l e  r e p r o d u c t i v e  d a y s ,  and d a p h n i a  
l e n g t h s  f o r  b o t h  t h e  s o l v e n t  c o n t r o l  and t h e  
c o n t r o l  were p o o l e d .  T h i s  is  u n a c c e p t a b l e .  ( S e e  
T a b l e  5 . )  

- The w a t e r  h a r d n e s s  was r e p o r t e d  t o  h a v e  been  a s  
h i g h  a s  2 7 5  m g / ~ .  I t  s h o u l d  have  o n l y  been  160 
t o  180  mg/L. 



- I t  a p p e a r s  f rom T a b l e  9 t h a t  t h e  measu red  
c o n c e n t r a t i o n s  were a s  low a s  8% of  t h e  nomina l .  
And, i n  some i n s t a n c e s ,  t h e  measured  c o n c e n t r a t i o n s  
w e r e  c o n s i d e r a b l y  h i g h e r  t h a n  t h e  nomina l  ( 4 . 5  
t i m e s ) .  The s t u d y  a u t h o r  s h o u l d  be  aware  t h a t  
t h e  measu red  c o n c e n t r a t i o n s  s h o u l d  be - + 30% o f  
t h e  nomina l  c o n c e n t r a t i o n .  

- The c o n c e n t r a t i o n s  s h o u l d  b e  measurlsd i n  e a c h  
t e s t  v e s s e l .  The s t u d y  r e p o r t e d  o n l y  m e a s u r i n g  
f o u r  o f  t h e  f i v e  t r e a t m e n t  l e v e l s  ( u s i n g  LSC) a t  
0 -hour ,  n o t  b o t h  0 and 1 2  h o u r s .  A l l  t r e a t m e n t  
l e v e l s  s h o u l d  b e  measu red .  

b. S t a t i s t i c a l  A n a l y s i s  - S i n c e  t h e  s t u d y  d e s i g n  d i d  
n o t  i n c l u d e  enough r e p l i c a t e s ,  a n  ANOVA was n o t  
c o n d u c t e d .  I n  a d d i t i o n ,  t h e  d i s c r e p a n c i e s  found  
i n  t h e  s t u d y  c a u s e d  c o n c e r n  f o r  t h e  s t a t i s t i c a l  
v a l i d i t y  o f  t h e  s t u d y .  

c. D i s c u s s i o n  o f  R e s u l t s  - To s e l e c t  f o r  t h e  h e a l t h i e s t  
t e s t  o r q a n i s m s  is s c i e n t i f i c a l l y  unsound. T h i s  
s t u d y  r e p o r t e d  t h a t  t h e  h e a l t h i e s t  f e m a l e s  were 
c h o s e n  o n  d a y  6 ,  and t h e  res t  were d i s c a r d e d .  T h i s  
makes t h e  s t u d y  r e s u l t s  b i a s e d .  

I n  a d d i t i o n ,  t h e  s t u d y  d e s i g n  o n l y  u sed  d u p l i c a t e s  
f o r  t h e  t r e a t m e n t  l e v e l s .  W e  recommend a t  l e a s t  7 
t e s t  chambers  w i t h  o n e  d a p h n i d  i n  e a c h  and t h r e e  
t e s t  chambers  w i t h  f i v e  d a p h n i d s  i n  e a c h .  I n  
a d d i t i o n ,  t h e  s t u d y  d e s i g n  d i d  n o t  i n d i c a t e  i f  
r e p l i c a t e s  w e r e  u s e d  f o r  b o t h  t h e  c o n t r o l  o r  s o l v e n t  
c o n t r o l .  

The r e n e w a l  method is a n  a c c e p t a b l e  p r a c t i c e  f o r  
a s s e s s i n g  t h e  t o x i c i t y  o f  a  c h e m i c a l  t:o d a p h n i d s .  
However, s i n c e  t h e  c h e m i c a l  b e i n g  t e s t e d  is  a  
s y n t h e t i c  p y r e t h r o i d ,  w e  recommend f low- th rough  
c o n d i t i o n s  f o r  f u t u r e  t e s t i n g .  

d .  Adequacy o f  t h e  S t u d y  

1) C l a s s i f i c a t i o n  - I# 

2 )  R a t i o n a l e  - Due t o  t h e  d i s c r e p a n c i . e s  o u t l i n e d  
i n  s e c t i o n  14.  

3 )  R e p a i r a b i l i t y  - The s t u d y  c a n n o t  be  r e p a i r e d .  





TABLE 5 : Biological Assessments : S t a t i s t i c a l  Analyses 
I 

I 1 I 
Total 
Young 

Produced 

Female 
Reproductive 

Days 

Control 
2.5 
5 
10 
2 0 
40 

I LSD P = 5% 1 848  I 3 3 

Standard Error (Single  P l o t )  

Coeff ic ient  of Variation 

Young Per 
Female 

Reproduct i v e  
Day 

3104  A 
2712 AB 
2288  AC 
2103 BC 
1757 CD 
1041 D 

Daphnia 
Lengths 

Day 9 
(mm) 

426 A 
437  A 
427 A 
417 A 
349  B 
200 C 

3 4 7  

16.0% , 

Daphnia 
Lengths 
Day 21 
(mm) 

13 

3.6% 

Treatment means with no l e t t e r  i n  common are s i g n i f i c a n t l y  d i f ferent  a t  the  5% probabi l i ty  l e v e l  



- -no measurement taken 

TABLE 7 : pB nsaaorcmt. 

a not done due t o  machine fal lure - no measurement taken 



I! 
C? 

. 
0 0 

Be" 

- - 
P; Pi' 
(Cl m 

b% 





APP-IX V : B i o l o g i c a l  RQslllts 

TABLE 15 : N e t s  of Young Daphnia 

4 

a s o l v e n t  c o n t r o l  



APPENDIX V ; Bio log ica l  Results  

TmI.8 16 : Daphnia Heasurelents (I), Day 9 

Control 

" so lvent  control  
Daphnia had no spine; not included in  s t a t i s t i c a l  analyses  



- - - - -  

I: sol- e m l  
tr~d ID spine; rat i n d d  in 8taUstk.d malysg 



APPENDIX VI: Effect8 on D a p h n i a  T r a n s f e r r e d  to U n t r e a t e d  Water 

TABLE 18 : Survival and Burber of Yoang Prodrrced fror D a p h P i a  
T r a n s f e r r e d  to U n t r e a t e d  Water for 13 days on 6 A u g u s t  1985 

a m a l e s  r e m o v e d  on t h i s  day - 

From N a m i n a l  
C o n c e n t r a t i o n  

( n g  1'') 

C o n t r o l  I 
C o n t r o l  I1 

2.5 I 
2.5 11 

5 I 
5 11 

10 I 
10 I1 

20 I 
20 I1 

40 I 
40 I1 

13 A u g u s t  1985 
(day 7 )  

F e m a l e s  &¶alesa 

14 6 
15 5 

18 2 
5 20 0 

20 0 
20 0 

20 0 
20 0 

19 0 
2 0 0 

20 0 
9 0 

16 A u g u s t  1985 
(day 10 1 

A d u l t s  Y o u n g  

14 152 
15 214 

18 156 
20 3 16 

20 27 1 
2 0 291 

19 278 
2 0 22 1 

19 193 
2 0 200 

2 0 218 
7 27 

19 A u g u s t  1985 
(day 13) 

A d u l t s  Young  

14 205 
15 2 44 

18 341 
20 433 

2 0 277 
19 483 

19 365 
20 514 

19 316 
20 2 97 

20 525 
6 6 1 




